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INTRODUCTION 


Prior to recent investigations, the first of which were briefly reported 
in a short article which appeared about two years ago (Ransom, 1914), 
it had been generally accepted as an established fact that the lan^ae of 
Trkhinella spiralis are very resistant to cold and that they survive 
exposure to temperatures much below the freezing point of water. In 
the article referred to, however, it was shown that former ideas con< 
ceming the resistance of trichinae to cold were erroneous, and that as a 
matter of fact low temperatures have a very pronounced effect upon 
the vitality of these parasites. As a precise knowledge of the effects of 
refrigeration upon trichinse is of considerable importance, an extended 
investigation has been made, the results of which are recorded in the 
present* paper. 

HISTORICAL SUMMARY 


The following summary covers all of the published reports of experi- 
mental work on the effects of cold upon trichinae so far as they could be 
traced in the literature. 

Leuckart (1863a, p. 120) states that trichinae are in the highest degree 
resistant to cold. He exposed some trichinous meat outdoors during cold 

January weather (-16° to- so'^R.; -40to-i3°F.; -20^0-25^0.) 

for three days and nights. After thawing the meat, he fed it to a rabbit, 
^vhich died a month later and was found to be very heanly infested with 
tnchmae. In another publication (1866a, p. 91) Leuckart notes that 
t e place in which this meat was kept was somewhat protected, and it 
therefore be presumed that the temperature to which the meat was 
y exposed was probably not as low as indicated by the figures given, 
uc art remarks, however, that the meat was solidly frozen throughout, 
P* 466) exposed the leg of a trichinous rabbit to an out- 
-150 to -17° R, (-1,75® to -6.25° F.; -18.75° 
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to —21.25° C.) from January 6, 5 p. m., to January 7, 8 a. m.H. e 
1 5 hours. Examined on a warm stage, the trichinae showed no movenieiit 
Some of the meat was fed to two rabbits on January 7, and on Febm 
ary 7, a month later, the rabbits were killed. In one of them a 
encysted trichinae were found. On January 16 he fed two rabbits witii 
some trichinous meat which had been cut in fine pieces and expose^ 
for 18 hours to a temperature of -11° to -12° R. (7.25® to 507. 
-13.75° to -i5°C.). On February 14 the rabbits were killed and 
carefully examined. No trichinae were found. 

Rupprecht (1864a) exposed trichinous meat during one night to an 
outdoor temperature of - 18° R. (—8.5° F.; -22.5° C.) and found that 
the vitality of the trichinae was not affected. 

Kiihn (1865b), according to Eeuckart (iS66a, p. 91), found that 
trichinous meat kept in an ice chamber for months was still infectious 
and that the trichinae had lost their vitality only after the meat had been 
kept for 2 months in the ice chamber, the temperature of which was 
not given. 

Gibier and Bouley (1882a) exposed some trichinous ham for 4 hours 
to temperatures of -27° C. (-16.6° F.) and -20° C. (-4° F), h 
the first case the interior temperature reached —20° C, (-4° F.) and in 
the second - 15° C. (5° F.). All of the trichinae were found to be dead. 
They showed no movement when warmed, and they stained in a few 
minutes with anilin blue, methyl-anilin violet, and picrocarminate of 
ammonia. Some of the meat which had been frozen was fed during 
8 days to five birds, which when examined later showed no trichins in 
the intestine; nor had any been found in the feces. Trichina from 
portions of the ham which had not been frozen were active when warmed 
to 40° C. and remained transparent and colorless for several days in 
Staining solutions. Five birds of the same kind and age as those to 
which the frozen meat had been fed were similarly fed with the ham 
which had not been frozen, and large numbers of trichinae were after- 
wards found in the feces and intestines. 

These experiments of Gibier and Bouley seemed to show pretty cledy 
the destmctive effects of low temperatures upon trichinae, but later Gibier 
(1889a) came to the opinion that the death of the parasites was tote 
explained on the ground that they had already suffered a reduction in 
vitaUty from the action of salt, and, hence, readily succumbed to freezing^ 
This opinion was based on the results of an experiment m w ic ^ 
exposed small fragments of fresh trichinous pork for 2 
temperature of -20= to -25“ C. (-4° to -13“ ?■)■ 
when afterwards examined on a warm stage, were foun 

none of their activity. found 

From the foregoing it would appear that the usual sta 
in articles relating to Trkhinella spiralis as to the resis a 
parasite to low temperatures have their principal basis 
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, experiment, to which may be added, as supplementary support, 
Sailer’s first yperiment, Rupprecht’s experiment, and Gibier's experi- 
a total of four experiments. Kuhn’s experiment perhaps has been 
^^'dered as affording additional supporting evidence. The results of 
roller’s second experiment do not offset the results of his other experi- 
ment nor those of Leuckart’s and Gibier’s experiments, as the failure 
t an infestation in the two rabbits which were fed meat exposed for 
18 hours to a temperature of 7-25° to 5° F. might have been brought 
about by something else than low temperature. Likewise, the results of 
Gibier and Bouley, when compared with those of Leuckart, Fiedler, and 
Gibier tend to show only that trichinae are sometimes killed when 
exposed for a short time to temperatures below zero. The later explana- 
tion by Gibier (1889) that the trichinae used in these experiments had 
lost so much vitality on account of previous salting of the meat that they 
succumbed, whereas they would not have done so if the meat had been 
fresh has been accepted by those authors who liavc mentioned Gibier 
and Bouley’s work. It should be noted, however, that in the experiment 
upon which Gibier (1889) based his explanation of the results of the 
earlier experiments by himself and Bouley the meat was exposed for 
only 2 hours as compared with 4 hours in the earlier experiments. 

So far as appears in the available literature, after the later experiments 
conducted by Gibier (1889), no further work on the effects of cold upon 
trichinae was done until the investigations undertaken by the present 
writer, 25 years later, the first of which were recorded briefly in an article 
(Ransom, 1914) already mentioned. 

A few additional data gathered in these investigations were given in a 
later paper (Ransom, 1915). 

Recently Schmidt, Ponomarer, and Savelier (1915) have published a 
preliminary report of some investigations of the effects of cold upon 
trichinae in which they state that a long series of experiments has led to 
the following results : 

1. A temperature of 0° C, (32° F.) has no influence upon the xutality of 
encysted trichinae, even though it acts during a period of ii days. 

2. A temperature of —6® C. (21.2° F.) is easily withstood by trichinae 
during a period of 10 days, but they revive slowly. 

3 > A temperature of —9° C. (15.8° F.) is sometimes fatal, but not 
always. The results are not always the same; they are uncertain. 

4 - A temperature of —15 to —16° C. (5° to 3.2° F.) is always fatal; 
the trichinae never revive. 

Winn (1915) exposed some trichinous meat out of doors away from the 
sunin February, 1914, for 16 days, at an average mean temperature of 
C. (— 2° F.) with a minimum of —25° C. ( — 13° F.) and a maxi- 
mum of - 12.2° C. (10° F.). Nine guinea pigs were fed upon this meat, 
none became infested. 
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EXPERIMENTAL WORK 
DESCRIPTION OP EXPERIMENTS 


The first experiment was carried out in Chicago in September, mn 
The carcass of a naturally infested trichinous rat killed on September n 
was inclosed in a tin can and kept in a refrigerator until September i6 
when it was placed in a refrigerated compartment known as a “freezer" 
in one of the meat-packing establishments, where it remained for nearly 
6 days— i. e., 5 days, 22 hours. During this time the temperature (as 
recorded by a thermometer not compared with a standardized thermome- 
ter), read once daily, varied from -3° to - 10° F.^ When removed, the 
rat carcass was allowed to thaw by exposure to ordinary room tempera- 
ture, after which eight trichinse were isolated by dissection. Examined 
in water on a warm stage, they were found to be shrunken and motionless. 
They were left in a moist chamber and again examined the following day, 
when they were found to be no longer shrunken, but exhibited no mo^^- 
ment. Two more trichinae, isolated from the meat the day after removal 
from the freezer, were also found to be inactive. A guinea pig was fed 
some of the meat from the rat carcass on September 25 and was found to 
be free from trichinae when examined on October 25. 

The failure to discover any evidence of life among the trichinae isolated 
from the frozen rat carcass led to further experiments. 

In experiment 2 , a small piece of the diaphragm of another trichinous 
rat, after the carcass had been kept in an ice box for 1 1 days, was sealed 
in a \dal and kept in a freezing mixture at a temperature of 4" to 10° F. 
for 30 minutes. No active trichinEe were found on examination after 
thawing. The rest of the carcass of the same rat was then inclosed in a 
tin can and placed in a freezer maintained at a temperature of if to 15“?., 
recorded by means of a thermometer (six readings daily) , afterwards 
compared with a standardized thermometer (experiment 3). After 
nearly 2 days (45 hours) the can was removed from the freezer. 
Trichina isolated by dissection soon after the meat had thawed and ex- 
amined in water on a warm stage were found to be shrunken and motion- 
less, but resumed their normal appearance and became active in 10 to 30 


In experiments 4, 5, and 6, pieces of diaphragm of an artifically i 
rabbit were sealed in small vials and exposed to a temperature 0 
for 10, 20, and 30 minutes, respectively; none of the trichinm iso a e 
dissection from the meat after thawing showed any activity, 
pigs fed with the meat failed to become infested. a 

In experiment 7 the carcass of a naturally infested rat ^ 

tin can in a freezer at 13^^ t o 15- F. (six readin g^dail^^^ 

iBeraaseol the practical bearing of the experiments “Pff 
temperatures are given 
use itt the United States. 


ucai oearm* me 

according to the Fahrenheit scale, which is the only t pera 
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„„pa:.d vrith a standar&ed thermometer) for a period of nearly five 
days. Tnchin^ isolated by dissection showed sUght activity on a LrL 
stage. 

Xlie methods employed in experiments 8 to 127 and a general Hk 
cassion of these expenments are given in the following pages h„t k 
to been found expedient in order to save space to omit from [he na 
rative statements of the results. These are later set forth in tabnkr 
form (Tables I, II). 

In experiment 8 , a leg of the rabbit referred to in experiments a to fi 
was inclosed in a tm can and kept in a freezer at - 2“ F for 41 Vh 
(theimometer nm compared mth a standardized thermometer ■Z 
reading daily). The mxt day after its removal from the freezer some 0 
the meat was chopped in fine pieces and placed in the incubator figo tn 
40” C.) in a beaker containing an artificial gastric juice (water- Lm 
chloric add. about 0.35 per cent; and pepsin-exact quantity of Isb 
used not recorded). _ Unfrozen meat from the same rabbit was siS “ 
treated, using a portion of the same lot of digesting fluid After inc.r; 

of water by decanting and settling. Trichinae from the two lots of hT 
geste^ meat were then examined in water on a rvarm stage and the LZ 
her of acuve and inactive individuals recorded. A mlnea niv LTZa 
some of the meat after it had thawed, and another ^inea pig was W 

^meunfrozrm mea from the same rabbit as a control both big kiUel 

and examined for tnchina after the lapse of a month ® ^ 

Substantially the same methods of examination and feeding of test 
animals, with control examinations and feedings, were empfoved Tn 
expenments 9 to 22b. Meat from trichiuous rats and ri s “ 
inclosed m tin cans, placed ill frep7f^rt; ■ raooits ivas 

i ” :„TS“ r zr. 

,r‘ > 

fidallTSiTd Tith tri V ^ ^rti- 

sourcesat intervals durii'ai ^ tnchmous meat from various 

temperati rf iTcr 

nometer. The dried rare ^ standardized ther- 

wasreWediZf “ pounds. The head 

laminations S 

oamass were removed for portions of the 

“''|'''>dsof examinatioiirfdrT" 

®als, usitany white or hnZ l ^ S. Test ani- 

fedurfr — . rats, were fed, and one lot of rats was 


'■■Menmeatfm.,, .r ’ ot 

^ same carcass as a control. 
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In experiments 35 to 48 the carcass of another hog artificially 
as in the case of the hog used in experiments 23 to 34, weighing about 
125 pounds dressed, was split in halves, which were hung in two freeze 
kept at different temperatures. The same procedure as to examination 
and feeding of test animals was followed as in experiments 23 to 34 

In experiments 49 and 50 digested meat from a trichinous rabbit 
after washing and sedimenting with water, was inclosed in small vials' 
frozen by immersion in a freezing mixture, and the trichinae, after thaw* 
ing, examined on a warm stage. 

In experiments 51 to 55, a hog artificially infested as in experiments 23 
to 48 was slaughtered, and meat from the carcass inclosed in five i -pound 
cans which were placed in the center of five barrels 28 inches high by 17 
inches in diameter at the ends and 20 inches in diameter at the middle 
each containing about 250 pounds of pork trimmings. The head of the 
carcass was kept unfrozen in a cooler to provide material for control 
examinations and feedings. The barrels were placed in a freezer the 
temperature of which was recorded six times daily by means of a ther- 
mometer which had been compared with a standardized thermometer, 
The barrels were removed from the freezer after 7, 8, 9, 10, and ii days, 
respectively, and allowed to thaw sufficiently to permit the removal of 
the cans of trichinous meat. Examinations of the meat were made as in 
experiment 8. White or hooded rats in lots of five or six were fed some 
of the meat on several successive days, a separate lot being fed from 
each can. 

In connection with experiments 51 to 55, it may be noted that in 
another experiment it was found that the interior temperature (deter- 
mined by an electrical thermometer) of a barrel containing 250 pounds 
of pork trimmings did not fall to the temperature of the freezer (5° to 
y"" F.) from an initial temperature of 32® until the barrel had been in 
the freezer for eight days. 

In experiments 56 to 64 the carcass of the hog from which meat was 
taken for use in experiments 51 to 55 was hung in the same freezer, and 
portions were removed from time to time for examination and feeding of 
test animals, following the same procedure as in those experiments. 

In experiments i to 64, specially reared white or hooded rats were 
used as test animals whenever possible, but in some cases it was necessary, 
on account of the lack of a sufficient supply, to utilize rats whose previo^ 
history was not fully known; and in other cases the use of 
was necessary. In the remaining experiments, 65 to 127, on y ^ 
hooded rats were used which had been specially reared for P P 
on food from which there was no possibility of acquinng an a 


infection with trichin*. Aca Four 

The meat from six hogs was used in expenments 65 _ 

of these were artificially infested hogs whuffi ha 1914. 

nous pork several months before they were slaughtered, m 
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others slaughtered about the same time were naturally infested, 
oeen found trichinous on microscopic examination. A shoulder 
having carcass and kept unfrozen in a cooler to provide 

’^teriaHor control examinations and feedings. 

erimont 65, trimmings were taken from each of the six carcasses 
In exp wdghing 106 pounds was inclosed in a wooden box 

^ 5 28 byi9 by 6>^ inches. The box was placed in a freezer, where 
^ ^nain^^l for 19 days, the temperature of the freezer being recorded 
^ daily by a thermometer which was afterwards compared 

a standardized thermometer. After removal from the freezer the 
hi was allowed to thaw for 2 days. A portion of the meat was then 
taken from the middle, passed twice through a meat chopper, and 
/I’ffpsted and examined as in experiment 8, a control examination being 
of a mixture of unfrozen meat from the same carcasses similarly 
red and digested. A definite formula was followed in the prepa- 
ration of the digesting fluid , which was mixed in the following proportions : 
Water, 1,000 c. c.; hydrochloric acid (sp. gr. 1.19), 10 c. c.; scale pepsin 
(U S P.), 2.5 gm. Five rats were fed some of the ground meat, 50 gm. 
of which were placed in their cage on each of three days, a total of 150 
gra an avert^e of 30 gm. per rat. As controls five rats were fed once 
an average of 10 gm. of unfrozen meat from one of the hog carcasses, 
another lot of five, 10 gm. each from another carcass, and so on— i.e., 
30 rats in all, 5 for each hog. 

In experiment 65a, some of the same lot of frozen trimmings were 
used and were examined and fed to five rats, following the same methods 
as in experiment jSs- In this case the trimmings had been made into 
sausage meat after thawing, a curing mixture having been mixed with the 
meat, containing salt equivalent to percent of the weight of the meat. 
After the addition of the curing mixture and until it was prepared for 
artificial digestion and feeding of test animals, the meat remained for 
two days in a cooler at a temperature of 36° to 37° F. Analysis showed 
that the meat contained 3.12 per cent of salt. In preparing it for exami- 
nation and feeding tests, the meat, immediately after it was ground up, 
was washed in water to remove the salt. 

In experiment 66, 8 pounds of meat from a naturally infested hog 
were inclosed in a box I5^by9by3 inches and placed in a freezer the 
temperature of which was recorded three times daily by means of a 
thermometer which was afterwards compared with a standardized 
thermometer. After 19 days the box was removed and some of the 
meat was examined and fed to test animals, follo^^ing the methods 
^ised in experiment 65. As controls, five rats were fed 50 gm. of 
unfrozen meat from the same carcass, an average of 10 gm. per rat. 
lu experiments 67 to 71, meat was taken from the same carcasses as 
used in experiment 65. Mixed meat from the six hogs was placed 
m five half-pound tin cans. Each can contained an approximately 
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equal quantity of meat from each hog. Two of the cans were 
in freezers, one maintained at —9° to 0° F. (three readings 
mometer not compared with a standardized thermometer), the h 
maintained at 10° to 12® (three readings daily; thermometer 
pared with a standardized thermometer). When removed from^T 
freezers, the cans were thawed at room temperature, the thawincr nf 


meat from the can taken from the second freezer (10° to 12°) being has< 
tened by pulling the pieces of meat apart (experiment 71). Xhe exani 
nation and the feeding of test animals were carried out in the 
manner as in experiment 65. The three other cans were placed in the 
center of boxes 28 by 19 by inches, each containing about 100 pounds 
of pork trimmings. These boxes were placed in the same two freezers 
as the loose cans, two in the freezer maintained at the lower tempera 
ture (experiments 67, 68), the third box in the other freezer (experiment 
70). When removed from the freezer, the boxes were allowed to thaw 
for two days. The cans were then removed and the meat examined 
and fed to rats, following the methods used in experiment 65. 

In experiments 72 to 76 meat was taken from an artificially infested 
hog which had been fed trichinous meat several months prior to its 
slaughter in November, 1914, and this meat was inclosed in five half- 
pound tin cans. A ham from the carcass was kept unfrozen, at first in 
a cooler and afte^^va^ds in an ice box, to provide material for control 
examinations and feedings. Two of the cans were placed in a freezer 
maintained at a temperature of —9° to 2° F. (three readings daily; 
thermometer not compared with a standardized thermometer), two in 
a freezer maintained at a temperature of 10° to 13° (three readings 
daily; thermometer compared with a standardized thermometer), and 
the fifth in the center of a box 28 by 19 by inches, containing about 
100 pounds of pork trimmings, this box being placed in one of the 
freezers ( — 9° to 2°) just mentioned. 

The meat in the loose cans was allow^ed to thaw rapidly when removed 


from the freezers; that in the box required two days to thaw so that 
the can could be readily removed. The same methods of examination 
were follow^ed as in experiment 65, except that some of the examina- 
tions w'ere made in a 0.6 per cent salt (sodium chlorid) solution fol- 
lowing digestion of the meat, the digested meat in those cases being 
washed with a 0.6 per cent salt solution instead of water. The use of 
a 0.6 per cent salt solution was adopted when it was discovered that 
trichinae digested out of meat commonly become inactive if kept from a 
half an hour to several hours in water at a temperature of 32° , 

This does not occur in cold water nor in warm salt solution, n e 
earlier experiments the use of plain water probably led to no niis ea i 
results, however, as every examination was controlled by 
of unfrozen meat similarly treated. The same methods wit r ^ ^ 
to the feeding of test animals were followed in experiments 72 0 
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ifl No. 65. Four rats as cor o!s were fed a total of 20 gm. of meat on 
July 8> r 9 r 5 > trom the ham which had been kept unfrozen since the 
slaughter of the hog— nearly eight months. No infections resulted. The 
trichina had evidently died. Examination on August 25 of some of the 
peat after artificial digestion showed only a few trichins. These were 
dead and disintegrated. There is little doubt, however, that if control 
animals had been fed early enough, they would have become infested, 
since trichins from the unfrozen meat examined after artificial digestion 
as late as three weeks after slaughter of the hog were quite lively and 
appeared altogether normal. 

In experiments 77 to 87, meat from five trichinous hogs was used. 
Three i -pound cans (5X by 2^ inches) were filled with meat from the 
first hog. One of the cans was placed in the center of a box 28 by 19 by 
inches, containing about loo pounds of pork trimmings, and another 
in the center of a barrel of pork trimmings weighing 383 pounds net 
(dimensions of the barrel not recorded). Two cans were filled with 
meat from the second hog and two each in the case of the third, fourth 
and fifth hogs, and one can of meat from each hog was placed in the 
center of a box of trimmings, as w'as done with one of the cans of meat 
from the first hog. A shoulder from each hog was kept unfrozen to 
provide material for control examinations. These shoulders were kept 
in a cooler or an ice box, except during the time when they were in 
transit between Chicago and the Washington laboratory. 

The five boxes and the barrel were placed in a refrigerated compartment 
orfreezer, maintained at a temperatureof - 2“to 5“F. The five loose cans 
were placed in a freezer maintained at 12° to 16° The boxes were 
keptin the freezer for 15 days, the barrel for 23 days, and the loose cans 
or 17 days. Dunng the time the meat was in the freezers the tempera- 
ture was recorded three times daily, using a thermometer which was after- 
wards compared with a standardized thermometer, and found to be sub- 

andSh iu 'vhich the boxes 

fr • T the 

‘“thisfreezerthetemperalurevariedfrom -2°to2° 

five loose cans wem kep; 
firstlJ vun of meat from the 

<ans wL it 

13 days- exposure 

Rawing rS ief' ^ T The 

forwarid bv mail ^ five days. After removal the cans were 

arrival in an • '-Ficago to Washington, where they were kept 
fiiay could be exall r (‘^“Perature, above 32“ F.) until 

€ * The time elapsing between removal from the 
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freezer and the placing of the meat in artificial gastric juice in prepa_JJ^ 
tion for examination varied between 6 and 1 2 days. 

In preparing the meat for examination and feeding tests, the contents 
of the can were passed twice through a meat chopper, thoroughly mbdner 
the ground meat together. Fifty gm. of ground meat from each 
were placed in a beaker containing 600 c. c. of a freshly prepared artifida] 
gastric juice made by the following formula: Water 1,000 c. c., hydro- 
chloric acid (sp. gr. 1.19) 10 c. c., scale pepsin (U, S. P.) 2.5 gm. (experi- 
ments 77, 78) ; or the same formula modified by the addition of 6 gm, of 
sodium chlorid (experiments 79 to 87). The contents of the beaker were 
then stirred and carefully wanned to 40® C. and the beaker placed in an 
incubator (37° to 40° C.) for 18 to 24 hours. After removal from the 
incubator the supernatant fluid was decanted off, salt solution (0.6 per 
cent) added, the contents of the beaker stirred, allowed to settle, again 
decanted, more salt solution added, and so forth, until the supernatant 
fluid remained clear and transparent. As a control upon a possibly 
injurious effect of the digestant on the trichinae, 50 gm. of ground un* 
frozen meat from the same carcasses as the frozen meat to be examined 
were placed in 600 c. c. of the same lot of digestant prepared for digesting 
the meat which had been frozen, put into the incubator, and removed at 


the same time as the other, washed in the same manner, and handled in 
all respects exactly the same as the meat which had been frozen. The 
sediment which remained in the beakers after washing and decanting was 
examined in salt solution (0.6 per cent) on a warm stage under the 


microscope. 

In the tests on animals five white or hooded rats, reared from birth on 
food from which there was no possibility of acquiring an accidental infec- 
tion with trichinae, were used for testing each lot of meat. The five rats 
were kept together in a cage and 50 gm. of the ground meat were placed 
in the cage each day for three days, a total of 150 gm. of meat, or an 
average of 30 gm. per rat. The cage was watched to see that the meat 
was all eaten. It was usually eaten promptly. The rats which die 
within the first two weeks were examined for the presence of 
the intestine as well as in the muscles. In the case of those whic e 
later only the diaphragm was examined. A month or more after ee mg, 
the surviving rats were killed, and their diaphragms were exanune - 
Through an oversight no control animals were fed TOth 
from the five hogs from which the meat was obtained or use m 

trichinae in these hogs, however, as determined by th J 
trichins obtained from digested unfrozen meat P"iLot 

active, very lively, and quite normal in all respects, this o 
of great importance. . the 

In the next series of experiments (88 to go), p^cember, 

shoulders of seven naturally infested hogs slaughtered dunng 
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1914, and was inclosed on January 17, 1915, in three i-pound cans (5^ by 
inches) , each can containing meat from all seven hogs. The shoulders 
after slaughter of the hogs were kept in a cooler at a temperature a few 
degrees above 32° except during the time when they were in transit 
between Chicago and Washington. Five of the seven hogs were the 
sarne as those from which the meat for experiments 77 to 87 was taken. 
On January 18 the three cans were placed in three freezers in New York 
City where they remained until February i. a period of 14 days or, to be 
exact, 13 «^ays, 23 hours. The temperature of the freezers as detennined 
by thermometers compared with a standard thermometer during this 
period was 4° to 7°, 8° to ir^, and 14® to 16° F., respectively (four read- 
ings daily). After removal from the freezers the cans were allowed to 
thaw at ordinary temperatures and were received for examination at the 
Washington laboratory on February 4. 

The same routine as to the examination and feeding of experimental 
animals was followed as in the preceding experiments (77 to 87) except 
that the digesting fluid used contained only 5 gm. of sodium chlorid to 
each 1,000 c. c. of water, instead of 6 gm. In this case, as in the precedino* 
set of experiments, no control animals were fed, but it happened that the 
test animals fed with the meat exposed to the temperature of 14° to 16'^ F. 
became infested, so that they served as a control upon those fed with meat 
exposed to the lower temperatures. 


In the series of experiments numbered 91 to 126, the meat used was 
taken from six hogs slaughtered in Chicago prior to March 2, 1915, and 
found to be trichinous on microscopic examination. A shoulder from 
Kch of these hogs was sent in the fresh condition to Washington where 
it was retained in a cooler slightly above 32° F. to provide material for 
control examinations and feedings. The meat for the freezing experi- 
ments was inclosed in thirty-six i-pound tin cans (5^ by 2y, inches), 
some from each of the 6 hogs being placed in each can, so that each can 
contmned a mixture of approximately equal portions of meat from all 
the hop. On March 2, twelve of the cans were placed in a freezer 
maintained at a temperature of about 5» (5“ to 6.5"), 12 in a freezer main- 
^ed at a temperature of about 10“ (9“ to 13°), and 12 in a freezer 
mintaiffid at a temperature of about 15“ (13.5 to 15=). .4fter lodavs- 

sent hT™ u 7^ 3 freezers and 

y ml to the Washington laboratory. The next day 3 more 

on MaS as before, and so forth, the last cans being removed 

March ^ exposure to cold. None was removed 

the respectively, after they were placed 

wards enmn ' J . thermometers in these freezers, which were after- 
times daily ^ standardized thermometer, were read three 

The 

described ^^mination was followed as in experiments 77 to 
ve, the formula of the digestant fluid being that used 
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in experiments 78 to 90 — i. e., water, 1,000 c. c.; hydrochloric acid 
gr. 1. 19), 10 c. c.; scale pepsin (U. S. P.), 2.5 gm.; sodium chlorid, 5 
A mixture of unfrozen meat from the six hogs was used in control 
nations. As in the preceding exf^ments, five rats were fed meat fro ' 
each can, following the same routine. Control animals were fed on Jung 
1 5 with unfrozen meat from the six hogs which had been kept several 
months (since March) in a cooler. Meat from each hog was fed to two 
rats, 20 gm. being given to each two rats, an average of 10 gm. per rat 

In experiment 127, some meat from an artificially infested hog (the 
same hog from which meat was obtained in experiments 72 to 76) was 
inclosed in a half-pound tin can, which was placed in the center of a box 
28 by 19 by inches containing about 100 pounds of pork trimmings 
The box was placed in a freezer in Chicago, where it remained for 57 days 
during which time the temperature as recorded by a thermometer 
afterwards compared with a standardized thermometer varied between 
10° and 13° F. (three readings daily). After removal from the freezer 
the box was allowed to thaw for two days. The can was then removed 
and sent to the Washington laboratory. The same routine as to the 
examination and feeding of test animals was followed as in experiments 
91 to 126. 

There w'ere no satisfactory control test animals in experiment 127, as 
the rats fed as controls in experiments 72 to 76, which would have 
served as controls in this experiment, were not fed until nearly eight 
months had elapsed since the slaughter of the hog from which the meat 
was obtained. No infestation resulted in these animals; the trichinae 
were evidently all dead. Examination of some of the meat about six 
weeks later showed that the trichinse were dead and disintegrated. The 
trichinae, how^ever, that were examined after artificial digestion of 
unfrozen meat from this hog as late as three weeks after slaughter 
appeared perfectly normal and were quite lively, and there is little doubt 
that control animals would have been infested ii they had been f^d early 
enough. 

See Tables I and II for the results of these experiments. 



■„aiior,s feeding te,U in refrigeratien eeeperineente -with larve^ of TrUhinetla sfir^ 



■\o minutes. 



Table I . — Results of examinations and feeding tests in refrigeration experiments with larvce of Trickinella spiralis — Continued 
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RESULTS OF EXPERIMENTS 

EFFECTS OE VARIOUS LOW TEMPERATURES UPON Tl^E VITALITY OE TRICIIINUE 

In only one instance out of 34 experiments in which irichinons meat 
exposed to temperatures of about 15^ V. for periods ranging from 
2 to 23 davs were all of the trichinae upon examination found to be inact- 
ive (experiment 15, 12 days). In most instances, although some were 
found to be inactive, a large proportion were commonly found to be 
9 -ctive, not rarely as high as 98 to 100 per cent. In one case, even after 
18 days’ exposure (experiment 31), over 99 per cent of the trichincC were 
ound active on examination, and in another case after 22 days (experi- 
33) 84 per cent were active. 
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In 38 experiments test animals were fed meat which had been exposed 
to about 15° F, for periods ranging from 5 to 24 days, with positive 
results— i. e., resultant infection— in 17 experiments and negative results 
in 21. 

Some of the negative results were obtained in experinjents in which 
the meat had been kept in the freezer for only 5 and 6 days; on ihe 
other hand, positi\'e results were obtained from feeding meat which had 
been in the freezer for 23 days. Heavy infections ^vere obtained from 
meat exposed as long as 18 days (experiment 122), but only slight infec- 
tions resulted from meat kept in the freezer for 20 days or longer (seven 
experiments), and then only in two instances: In experiment 123 (20 
days) one rat was negative, four slightly infested, and in experiment 126 
(23 days) two rats were negative, three slightly infested. 

From these results it appears that trichinous meat commonly fails to 
produce infection after exposure to temperatures of about if V. for 
periods of 5 to 24 days, notwithstanding the fact that many trichina 
remain alive and are quite lively when thawed out after such exposure. 
Failure to infect is probably because, first, of a reduction in the num- 
ber of live trichinre and, second, of a reduction in the vitality of those 
that remain alive. It may be concluded that although a temperature 
of 15° F. has an injurious action upon the vitality of trichinae, this tem- 
perature is uncertain in its effects and that meat exposed to a tempera- 
ture of 15° F. for as long as 23 days is still liable to produce infection. 
These results correspond to those obtained by Schmidt, Poiiomarer, and 
Savelier (1915) who concluded from their experiments that a tempera- 
ture of -9'' C. (+15.8° F.) is sometimes fatal to trichinae, but not always 
and that the results of exix)sure to this temperature are variable and 

uncertain. ^ 

The same authors also found that a temperature of - 6° ( + 21 .2° F.) has 
comparatively little effect upon trichina exposed to it for a period of 


10 days. . . - 

Trichinae were found to be alive upon examination in 34 out ot 33 
experiments in which trichinous meat was exposed to temperatmes ol 
about 10° F. for periods varying between 30 minutes and 57 a>s, a 
but one of the experiments having to do with periods of 5 ^ 

In the one case in svhich all of the trichina: were found 
iment 38) the meat had been artificially digested for 2 ‘ ^ 

tion for examination instead of less than 24 AUho’u-h there 

the probable explanation why none was found f 7“;, 

as compared with the findings in the experimen s 

exposed to temperatures of about 15^ it was req 

they were less lively than normal, common) ^ ^ it ^vas note^i 

experiments a record was made of the c egree 0 a 

that in 19 of these the trichina were sluggish, or at 
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a] and that in the twentieth they were nearly all very lively (experi- 
I 6 days' exposure). It was quite noticeable in the examinations 
tl e activity of the trichinae was generally much more impaired than 

in the case of meat exposed to 1 5 . 

out of the total of 43 experiments in which meat was exposed to 
ratures of about 10° F., test animals were fed, the results being 
^ Vve in 22 cases, negative in 19. In one of the latter (experiment 
one out of five rats was found to be heavily infested, but there is 
pstion as to the identity of this rat; furthermore, the trichinae were 
far advanced in development to have resulted from meat fed at the 
time the rats belonging to this lot were fed. In feedings with meat 
exposed to temperatures of about 10° for 13 days or less, heavy infesta- 
commonly produced, but in 17 experiments with meat exposed 
14 to 23 days and in one with meat exposed 57 days the results of 
feeding were cither negative or, if infection was produced, it was slight. 
In only 4 of these 18 experiments did any of the test animals become 
infested. In experiment 106 (14 clays) three rats were slightly infested, 
two negative: in experiment 71 (t 7 days) one was very slightly infested 
(four trichinae in diaphragm), two negative; in experiment 65 (19 days) 
four were very slightly infested, one negative; and in experiment 65a (19 
davs) tvvo were very slightly infested (four trichinae in the diaphragm of 
each), two negative. 

Summarizing the results of the experiments with meat exposed to 
temperatures of about lo^ F. it may be noted tlial trichinae have been 
found to survive in meat exposed for as long as 57 days, though in that 
case only a small percentage, and those only sluggishly active, and that 
some survived in nearly all cases, their numbers and vitality, however, 
having been so reduced tliat after 14 days’ exposure either no infection 
resulted in test animals or, if infection resulted, it w'as very slight. 
Evidently, therefore, the effects of a temperature of 10° upon the vitality 
of trichinae are decidedly more pronounced than those of a temperature 
of 15°. 

Twenty-five experiments were carried out in wliicli trichinous meat 
uas exposed to temperatures of about 5° F.; and in 23 of these, exami- 
nations were made of the trkhiiiie after thawing. In only six instances 
were live trichinae found. In experiment 42 (5^ to 7^ for 5 days) 14 
per cent of the trichinae were found to be alive, degree of activity not 
recorded. The number of live trichinae found in tfie five other experi- 
ments ranged from less than i per cent to 3 per cetit, and they were all 
sluggish (experiments 44, 46, 8S, 94, 98), the periods of exposure 
to cold being 7, 9, 14^ 14^ and 18 days, respectively. 

fest animals were fed in 23 experiments. Xo infections resulted 
except in experiment 42, just referred to. In this experiment three 
rats were fed and two became moderate Iv and one slightly infested. 
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The results of these experiments show that temperatures of about 
5° F. have a profound effect upon the vitality of trichina, 
very small proportion survive an exposure of more than five days, and 
these are so seriously affected that infections are extremely unlikelv to 
occur, none having resulted in any case in which test animals were fed 
meat exposed to temperatures of about 5° for periods ran^ng from 6 to 
23 days (19 experiments). \ In view of the results of experiment 68 
however, in which the temperature was “9 to 0° and the period of 
exposure 10 days, it may be concluded that slight infections may some- 
times result from meat exposed to 5° for as long as 10 days. 

The results of the experiments with temperatures of about 5° F. corre- 
spond closely to those of Schmidt, Ponomarer, and Savelier {1915)^ 
These authors, however, found that in their experiments a temperature 
of -15° to -16° C. (3.2"’ to 5° F.) was always fatal to trichinm and 
noted no exceptions such as were obsen^ed by the present writer. 

In experiments in which trichinous meat was exposed to temperatures 
of about 0° F., but ranging as low as -10° in some instances, trichina 
were rarely found to be alive. However, 100 per cent were found to be 
alive in one experiment (No. 67) in which meat had been exposed to a 
temperature of -4° to 0° for 5 days, but in 15 experiments in which 
the period of exposure to cold ranged from 6 to 23 days trichins were 
found alive only in three instances and less than i per cent in each case 
(experiments 12, 68, and 70). 

Test animals were fed in all but i of the 23 experiments mth tempera- 
tures of about 0° F. Infection resulted in two instances. Four rats 
fed in experiment 67 (-4° to 0°, for 5 days) became heavily infested, 
and one out of four in experiment 68 (-9° to for 10 days) showed 
three trichinae in the diaphragm, the three other rats being negative. 
In the latter case, as in the former, live trichinae had been found by 
examination of the meat; less than i per cent, however, as compared 
with 100 per cent in the former, the results of the feeding tests thus as 
usual being quite consistent with the results of the examinations 0 
artificially digested meat, though it was unusual for infection to resii 
when the examination showed such a small percentage of li\e trie in 
as in experiment 68. In experiment 86 {-2° to +2^ for i, ays , 
in which no trichinae were found alive on examination of ara^ 
digested meat, the result of the feeding test is consi^dered to J 
negative, although one of the five test rats, which 
feeding, was found to have three trichina larvs in the ( 

which were dead, whereas the other one exhibited feble 
None of these three larv'S, however, had proper 

and the four other test rats were negative, so that it J ^ the 
to conclude tiiat the viability of the trichins had been dost 5 

meat in question. 
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From the foregoing it appears that the results of exposing trichinous 
to temperatures of about 0° F. are similar to those produced by 
^^peratures of about 5°— I e., a few trichina may survive exposures to 
^^jl^gj^iperatures for 6 days or more, but their vitality will be so greatly 
^Vced that there is little likelihood of their causing infection, although, 
In the other hand, slight infections may result from meat exposed as 

long as 10 days; 

jV good example of the relative effects of different low temperatures 
the vitality of trichinae is supplied by experiments 91 to 126. In 
thae experiments approximately equal quantities of trichinous pork 
from the same source (mixture of meat from six hogs) were exposed for 
10 to 23 days in three freezers at temperatures of about 15^^, 10°, and 
jO F , respectively, a can of meat being removed from each of the three 
freezers after 10 days’ exposure, another after u days, and so on (no 
cans however, being removed on the twelfth or nineteenth day). It will 
be observed from the recorded results (Tables I, II) that many of the 
tiichinse in the meat exposed to a temperature of about 15° sur\dved, 
and up to the twentieth day of exposure were mostly quite lively after 
thawing. Some of those from meat exposed for 22 days were observed 
to be quite lively, and those which suiwuved in meat exposed for 23 days 
were found to be fairly lively. From the results of the feeding tests there 
appeared to be a considerable reduction in the vitality of the parasites 
after 17 days’ exposure, notwithstanding the survival of a large percent- 
age. Most of the rats fed meat exposed to about 15^ for 10 to 16 days 
became heavily infested, but the 17-day meat failed to infect one out of 
five rats, and only two of the four others became heavily infested, the 
18-day meat failed to infect one out of five, the 20-day meat failed to 
infect one, the four others becoming only slightly infested, none of the 
rats fed 21- and 22-day meat became infested, and the 23-day meat failed 
to infect two and produced only light infestations in the three others. 

In the case of the meat exposed to a temperature of about 10° F. it 
was observed that the trichinae which sunuved were relatively less 
numerous, as a rule, than in the case of the meat exposed to about 1 5°, 
and it was generally noted that they were less active than normal, or 
sluggish, sometimes very sluggish. The test rats, fed meat exposed for 
10 days, all became heavily infested, all five fed ii-day meat became 
infested, but one was only slightly infested, all five fed 13-day meat 
became infested, but only one was heavily infested, three out of five fed 
14-day meat became infested, but these only slightly, and none of the 
rats fed meat exposed to about 10° for 1 5 days or longer became infested. 
utMs series, therefore, there was apparently a considerable reduction 
ck^ ^ of the meat beginning with that exposed for 13 

ys, and after 2 days more the infectiousness became nil. 
radically none of the trichinae in the meat exposed to a temperature 
a out 5 F. (experiments 91 to 102) survived ; although Ihing trichina? 
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were observed in meat exposed for 14 and 18 days (2 and 3 per 
respectively), these were very sluggish. Furthermore, none of the test 
rats in this series became infested. 

The results of the three sets of experiments just cited demonstrate 
quite clearly that a temperature of 10° F. is more effective in destrovin^ 
the vitality of trichina than a temperature of 15^, and that a tempera- 
ture of 5® is still more effective, illustrating the general rule established 
by the investigations recorded in the present paper, that within certain 
limits the effect upon the vitality of trichinae becomes more pronounced 
as the temperature of refrigeration is lowered. It has also apparendv 
been established that the increase in effectiveness is not uniform with 
the decrease in the temperature, but that somewhere in the neighborhood 
of 10° a critical point is reached, below which there is a sudden increase 
in the effectiveness of refrigeration. 

Summarizing the results of the various experiments with a view to 
their practical application, inasmuch as very fc^v trichinae have been 
found to survive an exposure of more than 10 days to a temperature of 
5° F., or lower, and as the few surviving have shown only very slight 
activity, and as, moreover, trichinous meat exposed to temperatures of 
5° or lower has rarely produced infestation, and has never (in repeated 
trials) produced infestation when the period of exposure was more than 
10 days, it may be concluded that meat exposed to a temperature not 
higher than 5° for a period of 20 days will no longer contain viable 
trichinjE, 10 days in this 20-day period being allowed as a margin of 
safetv. It may be further concluded that, so far as our present knowl- 
edge goes, temperatures of 10° and higher are too uncertain in their 
effects upon the vitality of trichinae to justify the use of refngerationat 
such temperatures as a means of rendering trichinous meat innocuous. 


CIL\XGES PRODUCED IX TRICIIIXA EARV^ BY EXPOSURE TO LOW TEMTERATUKES 

Low temperatures (15° F. and lower) not only destroy the vitality of 
some or all of the trichinae which arc exposed to those temperatures but 
they produce changes in the tissues of the parasites, which are apparent 
under the microscope. These changes in appearance are associated with 
reductions in the activity of the trichinre and with losses m th^^utality 
Trichinae from artificially digested unfrozen meat when 
the microscope in water, or preferably in a physiological sat so 
are found to be tightly coiled, becoming 
warmed to body temperature and continuing their lively mou^ 
the temperature increases up to about 50° or 52^ mture rises 

sluggish and finally cease movement and die when t^be temp 

a few degrees higher. The esophageal hSa ceSngr^.- 

trichina has a bright yellowish brown color, and exhi 
lation of the protoplasm ; the nuclei of the cells are app 
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i a vesicular nature. The gonad (ovary 


spherical bodies, seemingly of 2 

■ 'i forms a continuous mass of cells closely pressed together, 
Qf tesLis/ ^ ^ 


^ 11 lar divisions and nuclei being indistinct in the living specimen, 
dv cavity forms a thin but distinct space between the internal 
°and the parietal wall. In short, the normal living trichina larva 
its capsule by artificial digestion presents a sharp clear-cut 
rjoearance which is quite characteristic but difficult to describe. 
^^The changes shown by the trichinae from artificially digested meat in 
eriments 118, 94 are typical of those produced by the expo- 

( f^^hffinus meat to various low temperatures. In these instances 
rteiclres were 13.5“ to .5“, 10.5“ to 13“. and 5= to 6.5“ F„ 
ctively, and the period of exposure 14 days in each case. The meat 
' ^all of the same origin — i. e., from six hogs, mixed together, portions 
of about half a pound being inclosed in tin cans and placed in freezers 
Maintained at the temperatures stated. The cans were removed at the 
end of 14 days and the meat allowed to thaw at ordinary temperatures. 
Two da^'S after removal from the freezers the meat from each can was 
ground up, digested overnight in an artificial gastric juice, washed and 
swlimented in a 0.6 per cent salt solution and the trichins thus obtained 
subjected to examination. As usual, for the purpose of controlling the 
results of these processes upon the frozen meat, unfrozen meat from the 
same carcasses was digested, washed, and examined in exactly the same 


manner. 

Out of 95 trichinae from the meat which had been exposed to a tempera- 
ture of 13.5° to 15® F. (No. 1 18), only one was inactive, this one being 
pale in color, and the nuclei in the cellular body having a solidified appear- 
ance. The 94 others were more or less tightly coiled when cold, and most 
of them were quite lively when warmed. The granulation of the proto- 
plasm of the cellular body differed only slightly from normal, and its color 
was nearly normal ; the nuclei showed commonly a small central point of 
more solid appearance than the remainder of the nucleus. The gonad 
either showed only slight changes from normal or the germ cells were 
rounded instead of being closely pressed together, this rounding of the 
cells occurring in only a part of or throughout the gonad. Two of the 
test rats in this experiment became heavily infested; one was negative; 
one showed 9 trichinae in the diaphragm; and one 3 trichinae in the 
diaphragm. 

Fifty trichinae were examined from the meat which had been exposed 
to a temperature of 10.5° to 13'^ F. Of these, five were inactive, pale in 
color, their coils expanded so that they resembled a figure 6, and the nuclei 
of the cellular body of the esophagus were solidified. The 45 which were 
‘tetne were more or less tightly coiled when cold, some of them being 
^riite lively when wanned. The color of the cellular body was rather 
paler than normal, the protoplasm abnonnally granular, the nuclei either 
iiot apparent or exhibiting a solidified central portion. The cells of the 
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gonad were rounded instead of being closely pressed together as in 
normal trichina. Two out of five test rats were negative, the three others 
contained 4, 7, and 20 trichinae, respectively, in the diaphragm. 

In experiment 94, in which the meat had been exposed to a tempera- 
ture of 5® to 6.5^ F., 204 trichina were examined, 199 of uhich svere 
inactive, and only 5 of which showed any activity when warmed, this 
consisting of a very slight movement on stimulation with a needle point. 
The coils were expanded in the form of a figure 6, or in some instances 
formed a very loose spiral. The esophageal cellular body was very pale 
in color, granulation of the protoplasm very abnormal, nuclei solidified, 
quite different in appearance from the normal vesicular nucleus. The 
cells of the gonad were rounded and more or less dissociated. Five test 
rats fed in this experiment all failed to become infested. 

The abnormal granulation of the cellular body referred to is difficult to 
describe, but it gives the protoplasm a distinctly different appearance 
from that of the cellular body of an unfrozen trichina, dull and dead- 


locking as compared with the bright appearance of the latter, the ^dsible 
particles being much more numerous and smaller. 

Comparison of the results of these three experiments and similar 
experiments shows not only that microscopically visible changes occur 
in the minute structure of trichinae subjected to temperatures of 15^ F. 
and lower, but that these changes are more pronounced in trichins sub- 


jected to about 10° than in those subjected to about 15“, and still more 
pronounced in trichinae subjected to about 5®. These changes are e\i- 
dently brought about by the low temperature, but in what way is not 
apparent. This problem probably belongs in the field of colloid chem- 
istry. There occurs perhaps a precipitation of the colloids in the tissues 
of the trichina or some change in their nature which is more or less irre- 
versible, according as the temperature is lower or higher and the period 
of exposure longer or shorter. In those cases in which the. trichmm were 
examined very soon after thawing of the meat (experiments i and 3, 
for example) it was quite evident from the shriveled " 

parasites that fluid had been extracted from them dunng t en ^ 
to cold. Trichins thus shriveled absorb moisture after 
soon lose their shriveled appearance, again becoming active i 1 
temperature was too low and the period o t 

continued. In some respects tnchin* " hich have bee 
temperature (5= F.) resemble those whreh ha- been dnd 
moistened again. Ordinary drying, ho^^ver, de 
trichinae immediately, and the changes pro uce 

than those produced by freezing. It is po dried and 

be more closdy simulated if the trichinie were vety g 
the drying process stopped at the proper PO>n‘. ^ f ' 
experimer ts along this line have not been earned 
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In view of the recent discovery by plant physiologists (see Bachman,. 
,9.4) that sugar in plant tissues acts in some manner to protect then, 
from the injurious effects of freezing so that the same species of nlant k 
able to withstand a lower temperature when its tissues are loaded with 
sugar than when they contain only small quantities of this substance 
It is of interest to note that larval trichina contain a high percentane 
of glycogen. s 

Whatever may be the explanation of the destruction of the vitalitv 
of trichina, and of the changes brought about by exposure to cold the 
investigations thus far earned out are sufficient to prove that trichina, 
when exposed to temperatures of 15° F. or lower undergo chances in 
their protoplasmic structure, and if the temperature is low enoueh and 
the exposure to cold continued long enough these changes become so 
pronounced and so well established that the vitalitv of ail of the oarasites 
is entirely destroyed. ^ 

VARIATIONS IN VITALITY OF TRICHINA 

It is natural to expect that individual trichins would vary in resistanne 
to the effects of cold, and this was found to be the case Some n 
much more quickly and at higher temperatures than others InTrd^ 
to avoid misleading results on this account, meat was not used in the 
expeninents unless heavily infested so that large numbers 
might be available for study, considerable quantities were used as a ru'fe 
for examination and for feeding tests several test srim r tt ' ’ 

S" “ ji" r:: 

quantities of meat frozen 

hm up'to irly‘lro™d' • or 
The rate of ^ various experi- 

V-antity of n'^ 1 T”® irith the 

quantities, slow when lar^®* temperature being rapid when small 

ttawed within a few minutes fp°" ‘"ehina; were frozen and 

apparently muchTrl 5 , C,+ 9 , 5 o)thetrichi„te 

‘■‘i® of meat Lre tb ? effected than when larger quan- 

'“Ufierperiodsoftime Ontt^ to similar temperatures for considerably 
’’ait a pound or more" diff ^ '^aiantity of meat weighed 

rate of freezing and tha ‘ weight, and consequently in the 

“Pon the vitality of appreciable difference in the effect 

the various expert"*;,'*: 

P ments recorded 111 the tables. In short, it may be 
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stated that if the temperature to which trichinous meat is exposed is 
sufficiently low and the length of exposure sufficiently long, the trichin* 
are killed just as certainly when large quantities of meat are frozen as when 
small quantities (not less than half a pound) are frozen, variations in the 
rate of freezing and thawing dependent upon variations in the quantity 
of meat frozen being immaterial. 

V.aRI.\TIONS IN LENGTH OF TIME AFTER REMOVAL FROM FREEZER BEFORE 
EXAMINING AND TESTING MEATS 


111 some cases examination of the trichins from meat which had been 
frozen was made on the same day the meat was removed from the 
freezer or freezing mixture. When the meat was digested before exami- 
nation, it was in some instances placed in the digesting fluid the same 
dav the meat was removed from the freezer, but generally one or more 
da vs up to a maximum of 12 days elapsed before the meat was digested 
and examined, and a corresponding period before the feeding of test 


animals rvas begun. 

Nearly all of the experiments were earned out m cold weather, and the 
meat after thawing, except when in transit to the laboratory, was kept 
in coolers or ice boxes until it was placed in a digesting fluid or fed to test 

animals, so that decomposition changes were slight. , 

In the majority of instances the meat was placed in digesting fluid in 
preparation for examination and the feeding of rats begun within four 
davs after removal from the freezer, but longer periods appeared to hare 
no'prouounced effect upon the results. Certainly the lapse of tunc d,d 
not favor the revival of the trichins. For example, m expenmerrts n, 

80 8’ 84 and 86 the periods which elapsed between remosal from the 

freezer^ (i.out 0° for 15 days) and the digestion of the meat were 12,8, 
8,Tand 10 days, respectively; and between removal froru^f.- 
and the first feedings of test animals, 13, 8, 8, 10, an 10 , 

?el vet no trichiL were found alive on examination, and none o h 

« ™ 0,. ... O.S.. “ 

the lapse of time following removal from the freezer 

SS.ie of .Uchin., .h.ujl, i. . ,» «« « 

the longer the period which elapses after ^ 

from the freezer the fewer the « t-huj -H be, rkh^ ^ 
being equal. In experiments 126, 81, 83, Sj 7, 7 

elapsing between removal ^ dayS, mspectively, and 
and digestion of the meat were 6, , , 7 . 7 . y ^dings of test ammsl> 
between removal from the freezer and the ^ eed nj ^ 

4, 6, 6, 7 , and .« day, '1 (“b” i-”— * 

Wire found to be alive m each case. In o y 

question (No. 126) had suffered somewhat 

might be taken to indicate that the trie 
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because of the longer periods elapsing since the removal of the meat 
from the freezer, inasmuch as in other experiments in vhich the period 
of exposure in the freezer had been about the same but in which the 
meat was fed more promptly positive results were obtained in the feeding 
tests — ^i- e., in experiments 3!) 122, 123, and r2r, the periods elapsing 
between removal from the freezer and the first feeding of test animals 
being 2, 2, 2, and 3 days, respectively. This comparison, however, is 
not of great value, since in experiments 15, 28, 27 (meat in freezer at 
about 15° for 12 to 13 days), and 125 (meat in freezer at about 15° 
for 22 days) in which the meat was fed 2, 5, 5, and 4 days, respectively, 
after removal from the freezer, the results of the feeding tests were 
negative. 

Further investigation is required to determine the changes which occur 
in the vitality of trichinae when frozen meat is kept for varying periods 
of time after thawing. From the data at present available, however, it 
is quite certain that if any considerable changes occur, they are in the 
direction of a lowering of vitality and not in the reverse direction. 

In this connection it is of interest to note that in unfrozen meat kept 
over three months after slaughter the trichinae had suffered no evident 
lossinritality, and small quantities of the meat were sufficient to produce 
heavy infestations in rats (controls, experiments 91 to 126). On the 
other hand, in meat kept nearly eight months after slaughter the trichinse 
had lost their vitality, and test rats failed to become infested (controls, 
experiments 72 to 76). 


EFFECTS OF ARTIFICIAL DIGESTION UPON TRICHIN.^ 

As evident from the tabular statement of the experiments (control 
examinations), artificial digestion for 24 hours or less had no appreciably 
injurious effect upon the vitality of trichina:. When digested for two 
days, however, a considerable proportion of the trichins are liable to be 
Med (experiment 32). On the other hand, if 5 or 6 gm. of salt are added 
to each liter of digestive fluid the vitality of the tricliins is not so seriouslv 
affected. The trichins from unfrozen meat digested for two davs in 
e.epenment 96 seemed as lively as usual Trichins, howeesr, from meat 
frozen for 16 days at about 15“ F. in experiment 120 evidently sulfered 
considerably from digestion for two days, inasmuch as a smaller propor- 
were acth'e and these were less lively than trichins examined in 
fimi Tl meat frozen 17, iS, and 20 days, respec- 

factthT n-nd digested less than 24 hours. Furthermore, the 

of sodiu digestion in a digestive fluid containing 0.5 per cent 

by an ^ injurious to trichinae from unfrozen meat was shoum 
thk inef which digestion was continued for four davs. In 

ThoTh”' 

W the Possible that the methods of artificial digestion employed 
tinients to free trichinae from meat for examination reduced 
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their vitality so that many were found to be inactive which before dicr 
tion were still alive, the results of the examinations corresponded 
well with the feeding tests. In fact, the examinations not uncommo^ 
showed some of the trichinae to be still alive, whereas in the correspondi ^ 
feeding tests with the same meat not artificially digested none of the^t 
animals became infested. On the other hand, there was no case in the 
freezing experiments in which the feeding test resulted in infection and 
the corresponding examination failed to reveal living trichinae unless 
experiment 86 be taken as an exception. In this experiment, following 
a negative examination of digested meat, 3 larval trichinae were found in 
the intestine of one of the test rats, which died four days after the 
feeding; one of these larvse was alive and exhibited feeble movements 
but none of the 3 had undergone any development; the 4 other test rats 
failed to become infested. Experiment 67 was nearly an exception to 
the rule, as only 2 live trichinae were found among 285 examined, the 
feeding test resulting positively. Only one out of four test rats became 
infested, however, and this one had but 3 trichinae in the diaphragm. 
On the whole, the method of artificial digestion appears to afford a more 
rigorous test of the viability of trichinae than the feeding of experimental 
animals in view of the fact that trichinae are often found to be alive in 
digested meat when the feeding of the undigested meat to experimental 
animals fails to produce infection. 

As a rule, in testing meat it is preferable not to depend alone upon the 
results of artificial digestion or the results of feeding test animals, but to 
employ both methods and take the results of both into consideration. 

It is quite evident from the results of the experiments that artificial 
digestion is a valuable method for testing the viability of trichins, and 
that when properly controlled its injurious effects upon their vitality are 
so slight as to be practically negligible. The following formula may be 
recommended as fully satisfactory: 


Hydrochloric acid (sp. gr. 1.19) loc. c. 

Scale pepsin (U.S.P.) 

Sodium chlorid 

Fifty grams of ground meat are to be stirred into 600 c. c. of the 
digesting fluid, warmed to 38® or 40° C., and incubated for about i 
hours at this temperature. 


longevity of trichina* after artificial digestion 

Trichin® freed from their capsuies by artifidai digestion have ^ 
kept alive in tap water for 1 5 days. In one case 73 out 0 75 
at the end of this time. When examined again, 13 days ia . 
dead. Kept in a 0.6 per cent sodium-chiorid f t ^ theffl 

of 43 examined were alive, some of them being sluggish but most 
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moderately lively. In another lot kept in a 0.6 per cent sod.um-c'hM 
solution for 26 days. 15 out of 24 were alive and moderately active when 
■vanned. Examined again 24 days later, all were dead In a lot k t 
i„ 0 per cent sodium-chlorid solution for 1 1 days, 37 out of 38 were alive 
and very active. In these instances, after digestion of the meat th 
• trichiKwere washed in several changes of water or in physiological s-dt 
solution by decanting and settling. They were kept at 'ordinan- room 
temperature. Numerous observations were made which showed that 
frichins freed from their capsules by artificial digestion will be apnarentl 
just as lively after several days if kept in water or physiological salt 
dution at ordinary room temperature as they are immediately afte 
digestion. ' ^ 

tf tap water containing trichime is kept at a temperature of ,30 p 
most of them are killed in a short time, but trichins may be kent on 
equal length of time at this temperature in a 0.6 per cent sodium-chlond 
solution without apparent injury as shown by the following Trichin^ 
from artificially digested meat were separated into two lots'in beakers 

for rjT hours. At the end of this time 23 out of 32 trichime frl' to ten 
imerwern inactive whereas 18 examined from the salt solution were aT 
actie. The two beakers after replacing the tap water in one with a 
0.6 per cent sodium-chlond solution were kenf mnm f ^ 

lie following day and then reexamined S of TtSrr 
m the one case (heated in tap water), 81 were found to be toetto 

:t:^::;wfr:a?™ ^ 

On another occasion some trichinae in tap water were keot at o i 

pigieis^ 

‘"i™™ .»«. «. .a™ 

ii was washed with was digested artifi- 

affected the results of the experiments, however, probablv 

quite cStei -- 

I and in. suits of the later experiments (see 

^>^amining the trichina 

where they were ^ at a time to a warm 

injurious effects of i ^ ^ ^ w^inutes, too short a period for 

as was repeatedly become established, 

trichina 
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TEST ANIMALS 


It will be noted from Table I that of the 54 test animals (53 
guinea pig) fed with unfrozen meat as controls upon the animals 
frozen meat, only 3 failed to become infested. The rats fed as control- 
in experiments 72 to 76 are left out of consideration, as they were not 
fed until nearly eight months after the slaughter of the hog fromwliieij 
the meat was taken. Examination of some of the meat artificially 
digested nine months after slaughter of the hog showed that the trichinae 
were dead. One out of three rats fed as controls in experiments 23 to 34 
showed no infection, the two others being heavily infested. Out of 29 
rats fed as controls in experiments 65, 65a, and 67 to 71, i showed no 
infection, 27 of the remaining 28 sho^\d^g heavy infections. Finally, i 
out of 1 2 rats fed as controls in experiments 91 to 126 showed no infection, 
but this one was killed four days after feeding for another purpose and 
as only a small portion of the intestine was examined, trichinae may hare 
been present and were not discovered; 8 of the remaining rats were 
heavily infested ; in the case of the 3 others the degree of infestation was 
not recorded. 

These results, particularly in view of the fact that the control animals 
as a rule received much smaller quantities of meat than those fed on meat 
which had been frozen, demonstrate the adequacy of the methods em- 
ployed in feeding test animals. The results of the later experiments, ho^v- 
ever, beginning wdth No. 23 are considered more reliable, so far as the 
feeding tests are concerned, than those of the earlier experiments, as more 
animals were used and care was taken to feed larger quantities of meat. 
The method of feeding each lot of test rats together in a cage a certmn 
amount of meat on several successive days, followed in most of the experi- 
ments, appeared to be quite satisfactory. Undoubtedly some of the rats 
in each lot ate more of the meat than others, so that some inequality in 
the degree of infestation of the rats would be likely, ,vhich, however, was 
of little importance, as the results of the feeding tests were judged upon the 
basis of the findings in all of the rats in each lot. The use of a nmn er oi 
rats for each test allowed larger quantities of meat to be tested, which gnb 
a decided advantage over the use of a single animal. For the same reas > 
rats are preferable to guinea pigs, as they will eat of their own acco 
larger quantities of meat than can readily be fed to 

5,, Li,.* ,i.h «.bba*. ... 

induce guinea pigs to eat chopped meat mix 

materials if the meat has become only slightly ’ „,tiallv 

usually eat meat readily even after it has become very stale pa 

decomposed. 
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SUMMARY AND CONCUUSIOXS 

Prior to the investigations recorded in the present paper very little 
experimental work had been done upon the effects of cold upon encysted 
trichina, and the current belief was that low temperatures do not seri- 
ously affect the vitality of these parasites. This belief is shown to have 
been erroneous- by the results of numerous experiments. 

Quantities of trichinous meat varying in weight from a few grams to 
nearly 400 pounds were frozen and kept for periods varying from a few 
minutes to 57 days at various temperatures below the freezing point of 
water. Usually the process of refrigeration was carried out in cold- 
storage compartments known as freezers, but in a few cases in which 
the low temperature was maintained only a short time, a freezin.. mix- 
ture was employed. In most cases the period of refrigeration was be- 
tween 5 and 20 days. The meat on removal from the freezer was gen- 
erally allowed to thaw slowly at ordinary house temperatures; in a few 
cases, in order to study the effects of rapid thawing, the process was 
hastened by breaking apart the pieces of frozen meat so that they 
thawed completely in a few minutes. Generally the meat after thawing 
was treated as follows: A portion was chopped or ground into fine pieces, 
placed in an artificial gastric juice, and incubated at 38“ to 40° C. over- 
night, and then washed with water or a physiological salt solution by 
decanting and sedimenting. The sediment containing the trichina; 
isolated from their capsules was examined microscopically on a warm 
stage, and the number of inactive and active ones recorded, together 
with such other observ^ations as appeared worthy of remark For the 
purpose of controlling the effects of the proc«s of digestion, some 
tnehmous meat, nearly always from the same carcass as the frozen 
meat, which had been kept in an unfrozen condition, was digested at the 
Mme time, using some of the same lot of digesting fluid. Another por- 
tion 0 the frozen meat after thawing was fed to test animals, in most 
ases to white or hooded rats specially reared to avoid chances of acci- 
ntal infection; as a rule, five rats were fed, receiving the meat on sev- 
as from the same carcass 

animals 'n experiment was fed to control test 

C ir r^ “ ^1'^" i" the case of the 

test atiimni ' instances no control test animals were fed. The 

wre examined a month if they lived that long, 

Wng examined 'itestines as well as the diaphragm 

otherwise only the **^*'®’^ feeding; 

hom artS, . ^o.cxoo trichime were examined 

animals and J unfrozen meat, and over 500 test 

Ptuature of about tnchiiM in meat exposed to a tern- 

17212°— ^ of 23 days or less snnive and are 
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quite lively after thawing, but such meat frequently fails to infect test 
animals. This temperature is injurious to trichinae, but its effects are 
uncertain, and meat exposed as long as 23 days has proved to be infcc. 
tious. Some of the trichinae in meat exposed to a temperature of about 
10° for periods of 57 days or less generally survive, but the meat ire. 
quently fails to infect test animals. A temperature of 10° is more inju. 
rious to trichinae than a temperature of 15°, but, like the latter, its effects 
are uncertain, although meat exposed to it for 14 days or longer has 
generally failed to produce infestation; or if infestation resulted it was 
slight. No infestation has been produced by trichinous meat exposed 
to a temperature of about 10° for_2o days or longer. 

Apparently in the neighborhood of 10° F, a critical point is reached 
below which the effects of cold upon trichinse become suddenly much more 
pronounced. 

Temperatures of 5° F. or lower profoundly affect the vitality of tri- 
chinae. Only a very small proportion survive an exposure of more than 
five days, and these are so seriously affected that infections are ver\’ 
unlikely to result. Slight infections, however, have resulted from meat 
exposed to a temperature of —9^ to 0° for 10 days. 

Trichina; from meat exposed to temperatures below 15° F. when exam- 
ined microscopically after thawing exhibit changes in the appearance of 
the protoplasm. A temperature of lo"" produces greater changes than 
15°, and the changes produced by a temperature of 5° are still more pro- 
nounced. The more conspicuous of these changes are more or less loss 
of color of the esophageal cell body, more or less solidification of its nuclei, 
abnormal granulation of its protoplasm, and more or less dissociation 
and rounding of the germ cells. 

Trichinse vary in their resistance to cold, and some individuals sunwe 
refrigeration longer and at lower temperatures than others. 

Within certain limits the rapidity with which trichinous meat freeze 
or thaws has no appreciable effect upon trichina;. Apparently the rapid 
freezing and thawing undergone by very small pieces of meat (a 
grams in weight) adds to the injurious effects of lefngeration, but e 
natural variations in the rate of freezing and thawing 
variations in the quantities of meat frozen between limits o a ^ P“ 
and several hundred pounds do not noticeably modi y t e e e 5> 


refrigeration upon trichinse. ^ 

The vitality of trichime which suiwive refrigeration does not de^ 
noticeably during a period of at least a week after t e t laivm^ 


The artificial digestion of trichinous meat for 24 hours 
of 38° to 4o» C. in a fluid consisting of i,oc« c. c 

acid (sp. gr. 1.19), 10 c. c., scale pepsin (U. ^ S structure oi 

chlorid, 5 gm., has no apparent effect u^n e a - jjjgestion- 
the trichinae, released from their capsules by the proces 
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thus released from their capsules may remain alive and retain 
activity for 10 or more when kept in a 0.6 per cent 
^ chlorid solution at a temperature of about 20® C., and have been 
^^^Talive and moderately active at the end of 26 days. They may 
‘ e be kept alive for tv^o weeks or more in tap water at a temperature 
likewise Trichinae have been kept alive and very active for 1 1 

nf sbOUt 20 V* 

in a 2 per cent sodium-vhlorid solution at a temperature of about 
^ Trichinse in tap water warmed to a temperature of 38° C. become 
^nactive within a few hours, but may be kept in a 0.6 per cent sodium- 
cMorid solution at this temperature for a similar length of time without 
apparent injury. 

In the practical application of refrigeration as a means of destroying 
the vitality of trichinae, meat should be refrigerated at a temperature not 
hic^her than 5° F. for not less than 20 days, a period which allows a 
probable margin of safety of nearly 10 days. The employment of higher 
temperatures of refrigeration as a means of destroying the \dtality of 
trichinse is not justified in the light of our present knowledge because of 
the uncertainty of the effects of such temperatures. Whether tempera- 
tures higher than 5° F. may be safely employed by lengthening the period 
of refrigeration remains to be determined. 
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relation between certain bacterial activities 
IN SOILS’ and their CROP-PRODUCING POWER 

By Percy Edgar Brown, 

Chief in Soil Chemistry and Bacteriology, Iowa Agricultural Experiment Station 
INTRODUCTION 


Soil-bacteriological investigations in the past have dealt almost ex- 
clusively with the occurrence and activities of micro-organisms in the 
soil, and no attempt has been made, from the standpoint of crop pro- 
duction, to interpret the results obtained, 

A knowledge of the relation of soil bacteria to soil fertility is of con- 
siderable importance, however, if the subject is to be of any value in 
practical agriculture. While, therefore, much work on methods remains 
to be done, so much knowledge concerning bacterial action in soils has 
been accumulated during the last few years that it seems time now to 
call attention to the practical phase of the subject, to attempt at least 
to correlate the results secured with known facts regarding soil fertility. 

The purpose of these experiments has been to study certain bacterial 
activities in field soils in the attempt to secure information regarding 
their relation to the actual crops produced. If special methods of soil 
treatment exert similar effects on certain bacterial activities and on crops, 
it may be assumed that there is a fairly definite relation between the 
two, and the particular bacterial activities in a soil may indicate its 
crop-producing power. Thus, if in laboratory tests the ammonifying 
power, the nitrifying power, or the azofying power of a soil is enhanced 
by some method of soil treatment and the crop production is also in- 
creased, the conclusion that ammonification, nitrification, or azofication 
and crop production are very closely related would be well warranted. 
Tests of such bacterial action in soils would therefore constitute a means 
of ascertaining their crop-producing power, and the importance of obtain- 
ing advance information along this line is evident. 

Experiments covering many years of varying seasons and including 
tests of all varieties of treatments must, of course, be carried out before 


miy definite conclusions can be reached. The experiments reported 
here were secured on three series of plots under definite systems of 
treatment, and it was intended in undertaking the work to carry it on 
for a long period of years before attempting to draw conclusions, Inas- 
nujch, However, as the particular plots were of necessity relinquished, 
Owing to the development of certain departments of the State College, 
^ studies of a like nature can not be undertaken on new plots until 
^veral years o f special treatment have elapsed, it has been deemed 
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expedient to assemble the data obtained up to the present time and 
offer them as a preliminary contribution along this line: The fact 
many of the data are rather positive in nature has been an added reason 
for presenting them at this time. Portions of the results have been 
published in other connections, while others have not previously been 
reported, but in either case average results only are included here 

FIELD SOILS STUDIED 

Three series of field plots have been used in this work, one consistiii» 
of 14 plots one-tenth of an acre in size, located on a uniform soil in the 
Wisconsin drift-soil area, and classed by the United States Bureau of 
Soils as Carrington loam. 

Prior to 1907 it had been under a regular 4-year rotation and had 
been subjected to no special treatment of any kind. In that year the 
plots were differentiated according to the follomng plan: 

Plot Nd. Treatment. 

601 Continuous corn. 

6021 


2-ycar roliition: Com iind oats. 


. . .3-year romtioTi: Ojm, oats, and clover. 


6071 p-ycar rotatioii: Com and oats, clover plotvcd under after the 

6o8j \ oats. 

609'! f 2-year rotation: Corn and oats, cowpeas ploved underafter 

610 ) ’ \ the oats. 

901) |2-ycar rotation: Com and oats, lyc plowed under after the 

902J ' ■ ■■ ■ '\ oats. 

903. .... .Continuous clover. 

904 4-ycar rotatu^n: Com, oats, and clover. 

The first tests of these soils were carried out in 1911, the fourth year 
of the special treatment. Results were secured also in 1912 and 1913, 
only a few data being obtained in the latter )ear owing to the pressure 
of other work, but the ammonification studies were complete. During 
each season only those plots under corn were examined, as the effects of 
previous treatment could, of course, hardly be studied on plots under 
different crops, and furthennore it would be evidently impossible to 
compare the crop yields on the various plots if the same crop were not 
grown. Different plots in this series were thus examined m the different 
years, but in each case the same treatments were included in the stu y 
The second scries of plots consisted of 5 one-tenth-acre P'f^tsonthe 
same soil area and on the same soil types as the previous series. ^ J 
fall of 1910 these plots were subjected to the special treatments mdica 

PI tNo. , Treatment, 

1004 Check* 

8 tons of itianure per acre, 

.'.’.''y.y Utonsofmajiuiepnaac. 


, 16 tons of manure per acre. 
.20 tons ofman»ireper acre. 
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The study of these plots was carried out in 1912, the crop grown that 
year being corn: 

The third series of plots was composed of 3 one- twentieth- acre plots 
located on the same soil type as the other series. 

Special treatment on these soils consisted in the application of lime as 


follows: 

Plot No. 

Treat matt, 

Check. 

5^° 

5^>9 

50 S 


2 tons of ground limestone per acre, 

3 tttns of ground limestone per acre. 


The lime was applied to these plots just prior to the corn planting, and 
the tests of the soils were carried out later in the same season. 

eacteriologicat methods 

The solution method for testing bacterial activities in soils has been 
studied in some detail by several investigators, and, wliile results of much 
value have been secured by its use, there are certain difficulties attendant 
upon it which have not yet been obviated. These difficulties have been 
discussed in another publication ^ and need not be entered upon here. 
The use of soil itself as a medium for studying bacterial activities in field 
soils seems at the present time the most logical method. Modified solu- 
tions such as have been suggested in recent work ^ can hardly be con- 
sidered as satisfactory as soil itself in representing the physical and 
chemical conditions in field soils, leaving out of account entirely the 
bacteriological factor. 

The addition of various materials to soils in Iaborator\’ tests to permit 
the accumulation of the particular products of liacterial action which it 
is desired to measure has been studied. Dried blood, cottonseed meal, 
and casein have proved the best for ammonification; dried blood and 
ammonium sulphate for nitrification; and inannite for azofication. 

In this work various modifications of the soil method were employed 
for the reason that the tests w ere carried out during a period of several 
years through which experiments on methods were also being conducted. 
The results, using the different methods, are all included, however, as they 
ad toid in the same direction, and conclusions are based on a study of the 
entire mass of data secured. 


EXPERIMENTAL WORK 
TESTS ON ROT.-mON PLOTS IN 1911 

made during 1911 — on June 26, July S, September 
nit T’ made 01 the soils for their ammonifying, 

yiDg, and azofying powers. The yield of corn was secured from 
tbe plots examined. 

of bacteria in sniic bacteriological exarninatioa of soils. Media for quan* itati\-e deterraiaatioa 

in ’ rero.H. H. Methods in soil bacteriology. VII. Ammonification and nitrifica- 

ion. n Centbl, Bakt. [etc ], Abt, 3 , Bd. 40 , No. 19 /ri, p. 457 - 4 : 9 . 1914 , 
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Complete data obtained in this work have been given in another i 
and hence only summarized results are included here. 

The results of the ammonification tests with dried blood and cottonseed 
meal are given in Tables I and II, respectively. The nitrification tests 
with ammonium sulphate, and dried blood appear in Tables III and IV 
and the azofication results are given in Table V. 

Tablr I. — Ammonification of dried blood on rotation plots inigji 


Plot No. 

■ Tebt 1. 

Test 2. 

Test 3. 

Tea 

j 

f 

Mgm. 

\ 171-11 

Mgm. 
220. 74 

' Mgm. 
108. 76 

no. 

602. 

178, 07 ' 

231- 3S 

117.86 

116. J4 


188. 82 

243. 60 

133-43 


175. 22 

229. 63 

129. 78 

124- ^^2 


179, 96 

238- 5.3 

“8.53 

116, S4 

609. . 

174- 75 

232. o 3 

117. 04 

■ II4.SS 





T \BrK \l,—Ammonif^cahon of cottonseed meal on rotation plots in igii 


601 . 

602. 
604. 
607, 
609. 
901. 


Quantity of nitrogen. 


Plot 

Test I. 

Test 2. 

Test 3- 

Test 


Mgrn. 

142. 01 

M grn. 
163. 32 

Mgm. 
102. 13 

III. d 


144 * 54 

168. 74 

no, Cp9 

122 . i; 


151. 18 

177.81 

120. 18 

126. 64 


145 - 49 

168. 21 

131- ” 

123. 49 


148. 50 i 

171. 00 

105. 78 

II9.CJ 


144- 07 

165, 94 

112. 73 

II3. 3; 








T \RLn III. — Xitrificalion of dried blood on rotaiion plots in JpU 


601. . 

602 . . 

604. . 

607. . 

609. . 
90T. 


I Brown. I'. K. Bacteriological studies ot tieta sous. 11. 

rotations. ' Iowa Agr. Hxp. SLa. Research Bui. 6. p. 1.11-346. 


Quantity <.i aitrogen. 


Test I. 

Test 2. 

Testj. 

Mgm. 

u . 443 

15. 196 i 
20. 776 
1^. 078 
18. 798 
13.962 

Mgm. 

19- 883 

27.087 1 
22. 884 
25. 226 
20. 713 

Mgm- 

II, 864 
14. 629 

18. 173 
r 6 . 410 
13- 453 
12. 711 

minus croppifl' 


Mgm, 

i7'43J 

24.032 
32. ni 
13.04^ 
14. QU 

and various 
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TaBL^ IV.— ^ii^tjkation of ammonium sulphate on rotation plots in ign 


Plot No. 

Quantity of nitrogen. 

Test I. 

Test 2. 

Test 3. 

Test 4. 

, 











jVfpm. 

5 - 0^9 
8.075 
12. 630 
' 7. 066 

1 II, 908 
6. 724 ; 

Mgm. 

17 - 577 

2 r. 62 5 

24. 317 

' 2 1.477 

22. 978 

21, 477 

Mgvi. 

7 - 565 
9. 788 
12. 903 
1^-357 1 
9. lor i 
8. 310 

Mgm. 

» 8. 086 

II. 789 
19. 419 
13- 749 
10. 620 

9-655 


Table V . — Azoficaiion tests on rotation plots in igii 


Plot No. j 


Quantity of nitrogen. 

Test I. i 

Test 2. 

Test 3. 


AIgm , 

AI gm . 

Mgm . 

601 ' 

9. 50 I 

3-93 
ly 07 

13 - 52 

19.92 


17. 46 


20. 64 

iS, 25 

23. 12 


14. 27 

17. 46 j 

20. 72 


i3. 25 ; 

15-87 j 

18.32 


14-27 i 

11.88 

16. 72 

1 


The variations in the amount of moisture in the different plots at the 
same samplings were very small and the differences in bacterial activities 
which were found could not, therefore, be attributed to the different 
moisture conditions in the plots. 

The yields obtained with com on the various soils arc given in Table 
VI, and comparing these with the ammonitication, nitrification, and 
azofication results it will be noted that there is a remarkably good 
agreement. 

Table VI. — Yield of corn on rotation plots in igil 


Plot I 

.No. I Treatment. 

_ 


6ot 

602 

604 

607 

609 

901 


Continuous cx)ni 

2- year rotation !!'!!! 

3 - ycar rotation 

2-year rotation; clover turned under . . 
2-year rotation; cowpeas turned under 
2-year rotation; ry^e turned under 


Yield per 
acre. 


35- 5 
46. 0 
50- 7 


43>2 


he ammonification results with the dried blood and cottonseed meal 
^ not always run exactly parallel, but the differences were slight, and 
most cases the same comparisons were secured, so they need not be 
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considered separately, The same is true of the nitrihcatioii result 
ammonium sulphate and dried blood. 

Furthermore, the ammonification, nitrification, and azofication 
are all in close agreement as to the relative effects on each of the 
treatments; and, hence, the bacteriological results may be cot 
a whole with the crop yields. 


An examination of the tables reveals the fact that a greater c 
was secured where the 2-year rotation was followed than on the ^ ^ 
tinuous coin plot, and a still greater yield was secured where the ^ 
rotation was followed. Exactly the same relations were found 
ammonification, nitrification, and azofication results. ^ 

Where the clover was introduced into the 2 -year rotation as a ^reea 
manure a greater crop yield was obtained than where it was not ’ised 
Furthermore, a slightly greater yield was obtained than on the 3-vear 
rotation plot. The bacteriological results are not iti accord with these 
differences; but in most cases the variations were not large, and the 
differences in crop yield were not great. Hence, the lack of agreement 
here should not be considered of great significance. 

When cowpeas were used in the 2-ycar rotation, however, the vield 
was abnormally depressed. The bacterial activities were also depressed 
but not to so great an extent. Evidently some unknown factor inter- 
fered here, as such a depression is hardly explainable. Where rye was 
turned under in the 2 -year rotation the yield was less than on the regular 
Z'Vear rotation plot, and corresponding depressions were noted in the 
bacterial activities. 

It is apparent that the ammonification, nitrification, and azofication 
results as a whole show a surprisingly close relation to the crop vield. 
Nitrification and ammonification tests frequently proceed in the same 
direction, and it is possible that after many confirmatory tests have been 
carried out it may be found that only one of these bacteriological tests 
of soils needs to be made. At the jiresent time, however, the data 
available along this line are insufiicient to warrant the interpretation of 
the results from one process as fitting another. 

It is hardly expected, however, that azofication results will run parallel 
with ammonification and nitrification tests in any large number of studies. 
Conditions which favor the latter processes need not necessarily favor 
azofication. 

These results as a whole, therefore, indicate that under normal soil 
conditions the amnK)nifying and nitrifying powers of soils mav 
fairly accurately tlieir crop-producing power and show quite accurateh 
the relative yields which will be secured. Only in special cases can 
similar dependence be placed on azofication results. These tentatne 
conclusions have been further tested and are borne out by the 


results, 
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TfiSTS ON rotation PLOTS IN 1912 

the same series of plots was used in 1912 in the study of the relative 
effects of different rotations on bacterial activities and on crop produc- 
tion, but in some cases different individual plots were employed, as again 
only those which were cropped to corn were examined. 

Amraonification tests were carried out by the dried-blood-air-dry-soil 
method with inoculum from fresh soil, the casein-frcsh-soil method, and 
the dried-blood-fresh-soil method. The nitrifying power was tested by 
the ammonium-sulphate-air-dry-soil method and the ammoniuni-sul- 
phate-fresh-soil method. These methods were under investigation at 
the time of this study, and comparative tests of their efficiency have been 
reported in the work already referred to.^ 

Four samplings were made during the year — on August 9, August 19, 
October 7, and October 26. The variations in moisture content of the 
soils at the various dates were so slight that the differences observed 
could not be attributed to that factor, and the results of the determina- 
tions are not included here. 

The crop yields were obtained from the plots as in the previous year. 

The ammonification results appear in Tables VH, VIII, and IX, the 
nitrification results in Tables X and XI, and the crop yields are given in 
Tabic XII. 


XABLii Vll.~ Ammonification of dried blood in air-dry soil of rotation plots in IQ12 


Quantity of ammonia (in iiiiHi^Tams of nitrosen). 



1 Test I. 

Test 2. 

Test 3, 

Test 4. 

6oi 

1 

54-93 ; 

1 


6oj 


124. 7.S 1 

122. 43 

6o; 


66. ; T j 

130. 27 : 

127, 92 
I3S. 71 

60S 

79 - 77 
c.. ... 

iSS -71 i 

610 ■ AP A 

! 02. 40 ; 

141. 85 ; 

143- 42 

902 


75 * 73 j 
64. r; 1 

Li 6-95 ; 

130. 67 


125. 17 
131. 06 : 

iiq. 09 


7T. 61 : 

13S.21 


i. Brij vIII. Ammonification of dried blood 0: fresh soil of roiaiion plots in igi 2 


j Test I, 

Test .V 

Test 3. 

Test 4. 

601 





603 

ic6, 34 

6S. 66 

50. Si 

54 - 74 



no. 66 

So. 05 

65, 14 

62.39 

608 

1 17. 32 

S6. 70 


1 71.03 

610 

120. S7 

S8. 28 

M- 02 

! 74. 66 

902 

115- 95 

I 78. 87 

72. 5Q 

;i. 41 



109. 67 

73.38 

58. S6 ' 

62. 19 

___ 

1 14. 14 

S2. 00 

Xs. 28 ' 

I 

69. 17 


• Bro\\Ti. P, li. Op fit. 
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Table IX . — Ammonification of casein on rotation plots in 


6 01. . 

603. . 
601; . . 

605. . 

610. . 

902 . . 

904. . 



Table X . — Nitrification of ammonium sulphate in the air-dry soil of notation pioUinir^j^ 



Quantity oi nitrates (in 

milligraras of 

aitroxen). 


Test I. 

Test 2. 

Test j. 

Test 4, 


10. 431 

13. 489 
15. 114 

15-250 

14. 196 
12. 695 
14-434 

12. 443 





60 ^ 

iS. 941 

23- 931 , 

18. no 

15-546 ' 
16. 524 : 
15. 208 


6 o 3 

^4 55; 

610 

15 . 2 a 

00"^ ... 

12. 893 
17.410 

9.914 

14.946 

^4 

! 10 . 

4^6 



904 


Table XI . — Niirificationof ammonium sulphate in ihefresh soil of rotation plots inigu 


1 

Pl.jt Xo, 

Quantity of nitrates (in milligrams of niirogtn). 

( 

Test r. 

Test 2. 

’ Test 5. 1 

Test*. 


11.944 1 
1 12. 728 

: 14. 6S2 

15- 520 
13- 559 
II. 960 
13. 060 

15. 300 

16. 601 

2 2- 5^3 

2 078 

7 - 

10. 695 
12, 462 

6.84 

603 



9 -;:* 

13 , 1:; 

608 

13- 7S4 

14 -^^4 


18. 264 

12. 233 

lo' <199 

902 

OOJ. 

15- S37 

17. 4M 

7. 789 
10. 9S1 

m 6:i| 
13. 




— 


Table XII.—TA^ yield of corn on rotation plots in 1912 


Plot 

N'o. 


Treatment. 


601 

603 

605 

608 

610 

9C2 

904 


Continuous corn 

Corn and oats 

Com, oats, and clover 

6)ni and oats; clover turned under . . 
Com and oats; cowpeas turned under 

Com and oats; r>'e turned under 

Cora, com, oats, and clover 


Vitldpci 

sere 
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^these results are examined, it is found that practically uniform 
eement was secured with the various methods— i. e., the relative 
^^monifying powers of the soils were the same whether the dried-blood 
casein method was employed, and it made little difference whether 
^he dried-blood-air-dry-soil method w^as employed or the dried-blood- 
fresb-soil method was used. Similarly, in the case of nitrification, the 
came relative results were obtained whether the air-dry-soil method or 
the fresh-soil method was employed. It is unnecessary, therefore, to 
consider the results individually, and comparisons will merely be made 
Ltween the bacterial results and the crop yields. 

The largest crop yield was obtained in this year on the plot under the 
2-year rotation with clover turned under. Similarly, the greatest 
ammonifying power and the greatest nitrifying power were found in this 
soil. The soil under the 3-year rotation (corn, oats, and clover) was 
second in crop yield and in bacterial activities; the 2-ycar rotation with 
cowpeas as a green manure induced a slightly smaller crop yield and 
lower bacterial action; the 4-year rotation wms still lower; the 2-year 
rotation (com and oats) lower yet; the 2 -year rotation with rye turned 
under gave a still smaller crop yield and lower bacterial action; and the 
continuous-crop plot was at the bottom of the list. 

It is evident from these results that the ammonification and nitrifi- 
cation of nitrogenous organic material in soils and their crop-producing 
power are very closely related and that tests of the power of soils to 
produce ammonia or nitrates may be an indication of their crop-producing 
power, or at least of their relative crop -producing ability. Previous 
results are also confirmed regarding the similarity of the effects of soil 
treatment or ammonification and nitrification. Such need not alwavs be 
the case, of course, as it is possible to conceive of conditions affecting 
the nitrifying organisms which do not si mi lari}' affect tlie ammonifiers, 
but it seems to be the case that in ordinary field conditions the two proc- 
esses are quite similarly affected by treatment and probably onlv one 
process need be tested to gain some idea of the relative crop -producing 
power of soils. 

TESTS ON ROTATION PLOTS IN 1913 

The experiment on the same series of plots was continued in 1913, 
different individual plots being used for corn. 

'Ihree samplings were made during the season— on August 15, August 
and August 26. Ammonification tests only were carried on, owing to 
1 e pressure of other work; and only one method, the caseiii-fresh-soil 
od, was employed. The crop yields were obtained as previously. 
so^T'h content of the soils at the different samplings varied 

s g dy that the differences may be considered negligible from the 

^^^ndpoint of the effects of 

ammonification tests appear in Tabic XIII, and the 

yields are given in Table XIV. 
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Table XlU.—AntmoniJicalwn of casein on rotation plots in 


6 01 

602 

606 

607 
609 
901 
904 


Quantity of nitrogen. 


Aug. 15. 

III 

Mgm, 
68.38 
71 - 56 i 
7 ^- 74 1 
74. 89 ^ 
73 - 53 
75-65 

74. 28 

Mm. 

60. 82 
63- 47 

^6- 35 

64. 45 
68. 15 
65. 21 


Table XIV . — Yields of corn on rotation plots i 


Aug. y,. 




5?- 31 
63- K 

6 a Q* 


Pkit ; 
N(j. 


Continuous com 

2- year rotation : Corn and oats 

3- ycar rotation: Cora, oats, and clover 

2-year rotation: Cora and oats; clover turned under . .. 
2-year rotation : Corn ajtd oats; cou peas turned under . 
2-year rotation: Com and oats; rj-e turned under . 


601 

602 

606 

607 
609 

9°^ t .■ 

904 ! 4-year rotation: Com, corn, oats, and clover 62.1 


Bii. 

30.0 

.\v 3 

63.0 
61 0 

60.0 
6 *.: 


Comparing the results, it is apparent that the indications of fertility 
git^en by the ammonification studies were borne out by the actual crop 
yields. The rank of the soils both in ammonifying power and in crop 
production was as follows: 


i Treatment, 

No. ! 


606 
901 

607 
904 
609 
602 
6o£ 


j-ycar rotation 

2'year rotation; r>'e turned under 

2-vear rotation ; clover turned under . . 

4-year rotation 

2-year rotation; cowpeas turned under 

2 -year rotation 

Continuous corn 



The results of these studies check those of previous years, thereioK, 
and indicate that ammonification and crop producUon are ury 
related and that the determinations of the ammoTnfymg ^ V 
made during the growing season may show their relative crop p 


^The plots in this series, as will be noted, ranked to 

both in crop yields and in bacterial activities, but it is Ijie 

enter here upon a discussion of the reasons for of 

seasonal conditions, especially as regards ramfa , 
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lime importance. It will be noted, however, that the rotation of crops 
focreased in every case both the crop yield and the bacterial activities. 
Xhe use of green manure in the 2- year rotation sometimes proved more 
valuable than the 3-year rotation, and sometimes was of less value. 
This was probably due also to the moisture conditions. The point of 
importance here is, however, the fact that, regardless of seasonal condi- 
tions or of the effect on crops under particular conditions, bacterial 
activities and crop production were relatively similar. 

TESTS ON MANURED PLOTS IN 1 91 2 

the manured plots were studied in 1912. Ammonification results were 
obtained by the casein-fresh-soil method, the dried-blood-air-dry-soil 
method, and the dried-blood-fresh-soil method; and nitrification tests 
were carried out by the ammonium-sulphate-air-dry -soil method and the 
animonium-sulphate-fresh-soil method. Four samplings were made dur- 
ing the season— on August 2, August 15, August 22, and September 9, 
The moisture conditions in the soils varied so slightly that they could not 
be considered of significance, and they are not included here. Crop 
yields were secured, com being grown on the plots as in the other series. 

Complete data from these experiments have been reported in another 
place ‘ and only summarized results are given here. 

The ammonification results are given in Tables XV, XVI, and XVII, 
the nitrification results in Tables XVIII and XIX, and the crop yields 
in Table XX. 


Tabcu' X\\—.hKmomficaiio7i of dried blood in the fresh soil if manured plots iu 1^13 


Plot Xo. 


Quantity of nitrogen. 


Test I. 

Test 3. 

Test 3. 

Test 4. 

1004 

60. 90 ! 

Si -ft ^ 

Sfam, 

Mgm. 

}ifgm. 

loo^ 


^ 0 ■ Ot 


looO 

04. , u . 
86. 32 1 

9 - . - i 

97 

70. 63 

1007 


106. ^,4 


84 

H 95 

1008 


9^ . 90 , 

109. 4, 

9 h. 

87 ‘ 50 





9 o- / 4 

76. 91 


Table XVI. — A7n?noniJic(2tion 

(/ casein oi, 

inanured plots in IQI. 



Plot No. 


Qu.uit:ty « 

f iiitro-:eii. 




I. 

Test 3 . 

Test 3. 

Test. 4. 

1004 




Sfgm. 



or S; i 

68. ;; 


5 1 . 60 

1006. . 


46. 89 

/O' ^ t 


58. 86 

1007 


5 ^* 79 j 
51- 99 1 

7 ( ■ 5 *^ 

^S. S, 

66. 3: 

1008 


,2'. 48 

79. 40 

63. 72 



48. 78 

75 * M 

( 4 - 75 

60. 42 


Sxp.StaR^' studies of field soils. III. The efforts of barnyard manure. Iowa Agr. 

rch Bui. 13. p. 1913. 
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Table XVII . — Ammonification of dried blood in the ^tr-dry soil of manured pi ^ 





Test I. 

Test 2, 

7 'fst 3. 

Test 4, 




— — 



1004 

.t/yra. 

80. 44 

94* / ^ 

Mem. 
III. 8? 

33 

131.25 

1 137 ' 14 

128. go 

^tgm. 
ro6. 34 

.Upil!. 

102, 81 
II7. 13 

loot; 

1006 

100, 06 

109. 47 

IOD7 

TOO, Ss; 

122.23 i 

12792 

133-02 

1008 

95 - 75 

1 

I 124. 00 

1 1^3-80 


122,62 


Quantity of nitrocra, 


Table XVlll.—Xiinf cation of animonium sulphate in ihe air-dry soil of mammd 

iniQi2 ^ plots 


plots 


1004 

1005 

ioo5 

1007 

1008 


Test I. 

Test 2. 

Test 3. 

Test 4, 

^fnm. 

M cm. 

Mgm. 


8. 507 

14* 794 1 

12. 500 

9-211 

9. 326 

15 - 453 ; 

13 - 693 

10. 262 

10. 000 

17. 710 1 

14. 392 1 

12- 393 

II. 655 

18. 712 

16. 401 1 

12.446 

10. 064 

i 16. 696 

14.662 ' 

10 . 444 


Table XIX . — Xiirif cation of ammotiiiim sulphateinthcfrcshsoilof manured plots in igi2 


Quautily of nilro^pu. 


riot Xo. : — - 

Test I. 

Test i. 

Test 3. 

i Test 4. 

j 


i Mgm. 

Mem. ! 

Mgm. 

Mgm. 

1004 


TO. 946 

10. 2 S3 

9.141 

IOC' 

7 - 259 : 

12. 583 1 

12. 543 

10. 0:0 

roc-6 

8. 470 i 

i6- 733 1 

14. 142 

12. 69 s 

loo; 

10.2S2 

iS. 694 ' 

15. 6.11 

13, Oil 

icoS 

8. 125 ' 

16. 164 j 

f 12.949 1 

10. 52S 


Table XX. — Yield of corn on manured phis in ipi 2 


Tryatiiicnl, 


1004 
JOO5 

1006 

1007 

1005 


Check 

8 tons of manure 
12 tons of manure. 
16 tons of manure 
20 tons of manure, 


Yiddpei 

acre. 


Bit. 


86.00 

57.00 

81.00 
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If the results secured in the ammonification tests are examined, it is 
seen that the effects of the manure were the same whatever method was 
employed. It is unnecessary, therefore, to consider the different results 
individually. Similarly in the case of nitrification, the fresh-soil and 
air-dry-soil methods yielded similar results, and general conclusions only 
need be drawn.- 

If the bacterial results as a whole are compared with the crop yields, it 
is found that there was exact agreement. Applications of manure in- 
creased the ammonifying and nitrifying powers of the soil, and the crop 
yield was also increased. Further gains in bacterial action and also in 
crop yields were obtained as the amount of manure applied w'as increased, 
but the maximum effect was obtained with the use of 16 tons of manure 
per acre. Beyond that point increasing the quantity of manure de- 
creased both bacterial action and crop yields. 

These results therefore check the previous observations that ammoni- 
ficadon and nitrification tests may often run parallel. Previous results 
are also confirmed regarding the relation between crop yields and cer- 
tain bacterial activities. Tests of the ammonifying power of soils or of 
their nitrifying powers apparently indicate quite accurately their crop- 
producing powers. 

TESTS ON LIMED PLOTS IN I911 


The three plots in this series were sampled during 1911 on June 21, 
July 6, September 14, and October 24. Ammonification tests were made 
by the dried-blood and cottonseed-meal methods, nitrification by the 
ammonium-sulphate and dried-blood methods, and azofication by the 
mannite method. Crop yields were secured as in the other series studied. 
Complete results of these tests have been reported,^ and only average 
results are given here. 

The ammonification results appear in Tables XXI and XXII, the 
nitrification results in Tables XXIII and XXIV, the azofication results 
m Table XXV, and the crop yields in Table XXVI. 


Tabcu XXI. Ammonijicaiion of dried blood on limed plots in igii 


Plot Xo. 


510. . . . 

509.. .. 

508 .. .. 


17212"-16 i 


Quantity of nitrogen. 


Test I. 

Testa. 

Test 3. 

Test 4. 



Mgm . 

Mgm . 

207. 17 

206. 60 

128. 06 

129. 78 

208. 12 

207. 50 j 

144- 51 

140. 05 

214. 13 

235- 22 

155- 59 

149 - 32 


field soils. I. The effects of lime. Iowa Agr. Exp. Sta. 
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Table XXII. — Ammonijicaiion of cottonseed meal on limed ploij 


510 

509 

508 


M gm. 

131. 26 
132. 68 
142 , 01 


Quantity of nitrogen. 


Test 2. 


\lgm. 

1S7> 22 
1 61. 06 
172. 58 


Test 3. 
^tgm. 

126. 22 
I4I. 15 
151-22 


lest 

“4.52 
^30. 28 

4.33.50 


Table XXIII.— AV/ri/fca/zon of dried blood on limed plots in igu 


Plot Xo. 


510 

509' 


508 



Quantity of nitrogen. 

Test I. 

Test 2. 

Test 3. 

Testj. 

Mgnt. 

13 - 745 
15 . 844 1 

21. 911 

Mgm. 

27. 036 
33 - 857 
39 . 686 

A/pw. 

20 - 579 
23 - 247 
29 - .376 

•Vpm. 

44-370 

18.434 

22.946 


Table XXI\'. — Niirijicaiion of ammonium sulphate on limed plots in ign 


Plot Xo. 

Quantity of nitrogen. 

Test I. 

; 1 

Test 2. 

Test 3. 

Test 4. 


: i 

1 A/pm. 

Mgm. 

Mgm. 

Mm. 

Sio 

8.737 j 

24. 987 

14. 2q8 j 

8.762 

509 

10. 547 , 

25-475 1 

20. 146 

II. M 3 

508 

14. 822 ' 

29- 034 : 

24. o6i 

17. S90 


Table XX V^ — Azofication tests on limed plots in igii 


Plot Xo. 

Quantity ot nitrogen. 

Test f, 

1 

Test 2. 

1 

Test 3. 

Test 4. 

CIO, 

Mgm. 

5 - 52 

15- 07 

26. 21 

A/pm. 

2 . 34 i 

A/pm. 
ri. 89 

Mgm. 

n.09 


16. 66 

2 . 5 - 41 

27. £30 

508 1 

30. 19 

38.9.3 

37-34 


Table XXVI —KwW of corn on limed plots in iglt 


Plot 
No. 1 

Treatment. 

Yield jjer 
acre. 

1 


Bu. 

52.5 

510 


55 - « 

509 

SO8 


55 -° 
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Jan ji. Bacterial Activity in Soils and Crop Production 

the ammonification results by the two methods employed were very 
similar, as also were the nitrification results; hence, these results need 
not be considered separately. 

If the bacterial tests are compared with the crop yields, it is found that 
the lime increased ammonification, nitrification, and azofication in the 
soils, and the crop yield was similarly increased, the larger amount of 
lime bringing about the greater effect on the bacteria but exerting no 
further increasing effect on the crop grown. 

These results as a whole therefore check those obtained on the plots 
under other methods of treament and show that bacterial transforma- 
tions of nitrogenous compounds in the soil or, rather, the ability of soils 
to bring about the simplification of nitrogenous materials or the addition 
of nitrogen, may be considerably modified by various methods of soil 
treatment. Furthermore, they check previous results in showing that 
certain bacterial activities in the soil may be very closely related to the 
actual crop-producing power of the soil. The ammonifying power of 
soils, their nitrifying power, or even, in certain cases, theff azofying 
power may therefore indicate the crop-producing power of soils or at 
least, their relative crop-producing power. 

CONCLUSIONS 

(1) These experiments as a whole represent a line of investigation in 
soil bacteriology which it is believed will ultimately place the subject on 
a more practical basis — a basis which will permit the direct application 
of the results obtained to the solution of soil-fertility problems. 

(2) The relations between the bacterial activities studied and the actual 
mp yields on these plots have proved so striking and so consistent that 
It was felt that accidental coincidence had been practically eliminated 
and the results might be considered to give a strong indication that 
certain bactenal activities in field soils arc very closely associated with 
crop yields. 

tentative conclusion presents itself that tests of 
su. acterial activities in the laboratory may indicate quite accurately 

ae crop-producing power of a soil or, at least, the relative crop-producing 
power of several soils. 

(4) It, further, more exhaustive tests confirm these preliminary obser- 

thp (-r* ^ Possible to secure advance information regarding 

terial Power of soils by means of laboratory tests of bac- 

ttnal action m those soils. 
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